Background: Diffuse hair loss (DHL) is a common problem in adult women and has
occurring between the ages of 30 and 59 years. 2 Alopecia can either be inherited or acquired. The inherited forms are relatively rare, affect a younger age group, and result either from improper development or nondevelopment of follicles or due to a defective hair shaft.
The acquired forms are more common, affect an older age group, and are broadly classified into diffuse, patterned, and focal hair loss, each further sub-divided into scarring (cicatricial) and nonscarring (noncicatricial) forms. 3, 4, 5 At birth approximately 5 million hair follicles are present, and no new hair follicles are added afterward. 6 During lifetime, each hair follicle undergoes continuous cycles of growth (anagen), resorption (catagen) and rest (telogen). 1, 7 DHL is the result of disruption of one phase of the hair cycle. Shedding of 100-150 hair per day is considered normal. 8 The DHL observed in women may not have an obvious pattern, and very often is multifactorial in origin with variable etiology. The various clinical types are acute and chronic telogen effluvium (ATE and CTE), female pattern hair loss (FPHL), anagen effluvium (AE), diffuse alopecia areata (AA), and trichotillomania. 3 DHL can be precipitated by multiple etiological factors such as childbirth, fever, acute or chronic illness, renal disorder, chronic hepatic disorder, thyroid disorders, iron deficiency, anemia and other nutritional deficiencies, or drugs. 6, 9, 10 Although the exact mechanism has not been elucidated, both hyperthyroidism and hypothyroidism are known to cause DHL, which is usually reversible when the euthyroid state is restored. 8, 11 The relationship between iron deficiency and hair loss has been examined in various studies, some suggest that iron deficiency may be associated with various types of hair loss, while others negate this association. Although the exact mechanism by which iron affects hair growth has not been documented, iron is a known cofactor for ribonucleotide reductase, which is a rate-limiting enzyme for DNA synthesis and the hair follicle matrix cells which are rapidly dividing cells may be sensitive to even minor iron deficiency.
12
Zn affects hair growth by inhibiting hair follicle regression and enhances the hair follicle recovery. 13 Its deficiency may lead to telogen effluvium, thin white, and brittle hair. 14 Although few studies have shown that Zn deficiency has a correlation with AA and TE, there are still contradictory evidences of the role of Zn in hair loss. 15 Copper is necessary for aminoxidase enzyme activity that is required for oxidation of thiol groups to dithio cross-links, which are essential for keratin fiber strength. 16 The exact role of vitamin D for human hair growth is controversial. Several in vitro animals studies show that the vitamin D receptor plays an important role in anagen initiation. 17 Recent data suggest that vitamin D receptor directly or indirectly regulates the expression of genes required for hair follicle cycling, including the hedgehog signaling pathway. 18 Traditionally good nutrition is believed to play a role in improving hair growth while nutritional deficiency or imbalanced diet is believed to contribute to hair loss. 19 In many patients, no cause of hair loss may be found even after exhaustive investigations. Ascertaining the etiological diagnosis in such patients proves to be a challenging task. Satisfactory treatment based on etiological factors can only be instituted after ascertaining the cause of hair loss. Despite the fact that nonscarring DHL is a common problem, its clinico-etiological profile has not been well studied. Very few studies have tried to delineate the underlying etiology and risk factors for DHL in women. Aim of our study was to understand the clinico-etiological profile of nonscarring diffuse scalp hair loss in women.
| MATERIAL AN D METHODS
This prospective observational study was conducted in a tertiary care center from North India from Jan 2015 to July 2016. The study was approved by the Institute's Ethics Committee, and the patients were enrolled after obtaining informed written consent from all patients or their guardians to participate in the study after explaining the details of investigations to be performed to ascertain the cause of their hair loss and answering all their queries, if any. The diagnosis of nonscarring DHL was made clinically and independently by two dermatologists.
| Eligibility criteria
One hundred and ten otherwise healthy females above the age of 12 years, who presented with nonscarring DHL to outpatient department during the study period, were screened, and those who met the inclusion criteria were included for analysis. Patients who complained of increased hair loss of more than 100 hair per day for more than 1 month or decrease in hair density over the scalp were included while those with known diseases affecting hair like AA and hair shaft disorders were excluded. Patients on iron, vitamin B12, folic acid, multivitamin, or other nutritional supplements for at least 3 months which might alter their blood levels for these parameters were excluded. Those taking medications or applying products known to influence hair growth in last 3 months were also excluded.
Patients with thyroid disorders who were already on treatment before enrollment were also excluded. Patients categorized as ATE had an abrupt onset of hair fall within 3 months of a precipitating factor and affected hair all over the scalp. CTE pattern included a history of telogen hair fall lasting for more than 6 months with diffuse thinning of hair along with bitemporal recession of the hairline.
FPHL pattern had a history of hair reduction and thinning over crown and frontal area with retention of frontal hair line and miniaturization of hair over the vertex.
| Protocol
The study included a detailed history and clinical examination followed by certain investigations. A provisional etiological diagnosis for the nonscarring DHL was made, and all women were subjected to pull test, tug test, and hair microscopy. 20 Hair density was also measured by comparing the hair density in frontal area with the density over occipital area. 20 All patients underwent laboratory investigations which included complete blood count, liver function test, Cu was analyzed calorimetrically on semi auto analyzer using commercially available kit. Zn was measured by modulo spectrophotometer method.
| Statistical analysis
Descriptive statistics were used to define the demographic variables of the study population. Student's t test was used for comparison of various factors such as age and duration of disease, etc. Pearson's chi-square test was used to find out significance and correlation between various factors and pattern of DHL. Latest version of statistical software SPSS-20 was used for data analysis.
| RESULTS
One hundred and ten patients were recruited for the study of which 8 did not qualify for the assessment and 2 patients had biopsy proven diffuse AA and hence were also excluded from analysis. Hundred patients who qualified for the study had three patterns of DHL, of which the commonest was CTE (n-62, 62%), followed by FPHL (n-22, 22%) and ATE (n-16, 16%) ( Figure 1 ). Duration of increased hair loss (perceived more than 100 per day) ranged between 1 and 60 months, and most of the patients presented within 1 year of starting of hair loss. On scalp examination, hair density was reduced in all the patients but hair thinning was seen in 20 (20%) patients.
Hair pull test was positive in 36 (36%) patients. Positive tug test was observed in 13 (13%) patients. There was history of hair care practices such as cosmetic application of hair dye, henna (mehndi), bleaching agents and hair straightening, permanent waving in 29
patients. On microscopic examination telogen hair was seen in all the patients (100%) and miniaturization of hairs seen in FPHL category. The hair distribution and density over the rest of the body was within normal limits for all the patients except 1 patient with FPHL who showed signs of virilization, that is, hirsutism along with acne.
Mild acne was seen in 7 patients.
Demographic variables of the study population are depicted in were under 20 years, and 11 (11%) were above 40 years of age.
Incidence of CTE was highest in the age group 21-40 years followed by FPHL and ATE and incidence of FPHL increased with advancing age (Figure 2 ).
Various factors known to affect hair loss were assessed and depicted in Table 2 . Out of total, 85 (85%) women were vegetarian. There was no statistically significant difference in the various nutritional factors between the three groups of DHL. Most common pattern associated with anemia (hemoglobin <120 gm/L) was CTE (67.7%) followed by ATE (50%) and FPHL (31.8%), and difference was statistically significant between all three patterns (P value = .01).
Serum ferritin <10 ng/mL was observed in 24.2% cases of CTE, 18.2% FPHL, and 6.3% in ATE, and difference was not statistically significant between different patterns (P = .27). Vitamin B12 was deficient in majority of patients with FPHL (63.6%), CTE (79%), and ATE (81.3%) pattern and with equal distribution (P value = .30).
( In the present study of DHL in female patients, the age ranged between 14 and 63 years with highest incidence, that is, 70 (70%) of hair loss occurring in the age group of 21-40 years which is in concordance with other studies. 4, 21, 22 Hair loss was maximum in child bearing age (mean: 30.04 AE 9.37 years). ATE and CTE groups did not show any correlation with increasing age, but incidence of FPHL was observed to increase with advancing age which may be explained by the hormonal changes in perimenopausal females. 21, 22 The factors such as weight, BMI, occupation, education, marital status, and parity did not show any correlation with hair loss in our study as was seen in another study too. 22 In present study, family history of hair loss was noticed in 3% cases, while other studied reported in 38% and 45% cases. 21, 23 Three patterns of DHL were observed in our study with the commonest pattern being CTE (62%), followed by FPHL (22%) and ATE (16%). Other studies have reported variable patterns. Some have included both acute and chronic TE in a single category of TE which was the commonest pattern reported while where CTE was included separately, it was usually the second commonest pattern. 4, 21, 22 Various factors known to affect hair growth and various precipitating actors of hair loss were assessed in our study. In the dietary habit, majority, that is, 85% females were vegetarian, which may be a contributing factor as vegetarian diet is usually lower in protein and lacks few essential vitamins as compared to a nonvegetarian diet. The dietary habits were noted in other studies too which also reported a vegetarian diet in 53%-68% of females with hair loss. 4, 22 Although most of the patients were vegetarian in the present study, there was no correlation with any specific pattern of hair loss. Psychological stress was noticed in 18% females and was most commonly associated with CTE group. In certain studies, psychological stress has been reported as a major underlying cause with an incidence of 86%, 48%, and 42% by Deo et al, Malkud et al, and
Rushton et al, respectively. 4, 19, 21 On the other hand, it has been reported in only 5% cases by Patel et al. 22 Cosmetic use and hair styling procedures have also been implicated as a precipitating factor by Deo et al 4 and reported in 53% cases. Malkud et al 21 found it in 8% cases, while in our study it was seen as a contributing factor in 29% patients in the form of henna (mehndi), hair dye, straightening, etc.
Systemic illness either in acute or chronic form was reported as a precipitating factor in 24% cases in the present study. Very few patients, that is, 8% were undergoing treatment for associated systemic illness. Febrile illness was reported as major underlying cause in studies by Deo et al, Malkud et al, and Patel et al. 4, 21, 22 In present study, child birth was a triggering factor in 5% cases. Other studies have reported 4%-14% cases of hair loss triggered by child birth. 4, 21 Chronic systemic illness (8%) and crash diet (5%) were also found to be precipitating factors in patients in the CTE group. The precipitating factors may be variable depending on the region of residence as well as personal preferences and lifestyle choices of the patient.
In the present study, 57% patients were found to be anemic (hemoglobin <120 gm/L). Other studies have also reported anemia in 87% and 73.4% cases of hair loss which is comparable to our findings. 4, 22 Anemia may be a contributing factor for hair loss or it could be coincidental finding as 46.5%; otherwise, healthy Indian women of child bearing age have been found to have mild-to-moderate anemia. 24 Hard et al, however, showed that iron supplementation irrespective of anemia improved hair loss supports the role of anemia as a causative factor. 25 In our study, serum ferritin levels had a positive correlation with level of hemoglobin. Serum ferritin <10 lg/L was present in 20% of cases, and low serum ferritin was more common in CTE compared to FPHL and ATE but difference was not statistically significant. Different studies have taken different cutoff level for low serum ferritin level ranging from 10 to 30 lg/L. Seventy percent of our patients had a serum ferritin level less than 30 lg/L which is comparable to other studies. 4, 21, 22, 26 Serum vitamin B12 < 210 pg/mL was found in 76% of our cases.
Rushton et al 19 observed low level of vitamin B12 in only 2% of 200 cases studied. This variation could probably be because of the high prevalence of vegetarians (85%) in our study population, and vitamin B12 is largely found in nonvegetarian food such as meat, chicken, fish, and eggs. 27 Some trace elements such as Zn and Cu are believed to play a significant role in hair loss and were evaluated in all 100 cases. Zn levels <75 lg/dL were found in only 4% cases, and Cu levels of all the patients were within the normal range. The results are consistent with other studies which also reported no correlation between the serum Zn concentrations and hair loss. 19, 28 In the present study, serum vitamin D3 level was found to be below normal range (<30 ng/mL) in 81% females. Low vitamin D3 level was statistically significantly associated with DHL, but not with any particular pattern of hair loss. Although the relation between vitamin D and DHL has not been well established, a recent study showed a significant correlation of low vitamin D level and DHL. 29 Eleven patients (11%) were found to be suffering from newly diagnosed thyroid disorder, that is, hypothyroidism during our study as the known cases of thyroid disorders were excluded by virtue of study design. This was consistent with other studies in the prevalence of hypothyroidism but none of the females were found to have hyperthyroidism in our study which is in contrast to other studies performed by Malkud et al and Deo et al. 4, 21 The present study has found significant association of DHL in women with low hemoglobin levels, serum ferritin, serum vitamin D3, serum vitamin B12 levels, and hypothyroidism while serum Zn and Cu levels were not found to be significantly associated. 
| CONCLUSION
The present study assessed the clinico-etiological profile and contributing factors of nonscarring diffuse scalp hair loss in females.
Incidence of hair loss was found to be the highest in the 21-40 years of age group.CTE was the most common pattern of hair loss followed by FPHL and ATE. Incidence of FPHL was found to be increased with advancing age. Nonscarring DHL is a multifactorial condition. Its etiological diagnosis requires an accurate detailed history, clinical examination, microscopy of the hair, and screening laboratory tests.
Majority of the females in our study were found to be anemic and deficient in serum ferritin, serum vitamin B12, and D3 levels, but this was not associated with any specific pattern of hair loss. 
